INTRODUCTION
============

A large tumor involving both the anterior cranial fossa and the nasal cavity is rarely encountered by a neurosurgeon, and a differential diagnosis based on radiological and histological findings is needed. Due to its anatomical location, multidisciplinary approaches are required for surgical resection as well as adjuvant treatment. Among the tumors that develop in the nasal cavity and invade into the cranial cavity, sinonasal teratocarcinosarcoma (SNTCS) is a very rare tumor characterized by a heterogenous pathology \[[@B1][@B2][@B3][@B4][@B5][@B6][@B7][@B8]\]. There are less than 100 cases reported in English journals, and intracranial extension is present in about 20.9% of cases \[[@B3]\]. We report surgical experience of a large SNTCS with an intracranial extension.

CASE REPORT
===========

History
-------

A 44-year-old man presented with an aggravating headache for 1 month. He had no past medical history. Neurologic examination showed cognition decline (Mini-Mental State Examination score, 20) and a slightly drowsy mentality. MRI with gadolinium enhancement (GdE) showed a large (9 cm in diameter) dumbbell-shaped mass that occupied both the anterior cranial fossa and the nasal cavity with strong heterogeneous enhancement and perilesional brain edema ([Fig. 1](#F1){ref-type="fig"}). A brain CT scan showed bilateral erosion of cribriform plates ([Fig. 2](#F2){ref-type="fig"}). The initial preliminary diagnosis was olfactory neuroblastoma, and transnasal endoscopic biopsy was done by a rhinologist ([Fig. 3](#F3){ref-type="fig"}). The pathologic diagnosis was neuroendocrine carcinoma. Therefore, a whole body positron emission tomography CT and chest-abdomen CT was performed, but no specific findings were found in other sites.

Operation
---------

The patient underwent a combined operation by a neurosurgeon and rhinologist. First, the neurosurgeon removed the intracranial tumor with a right subfrontal approach. The tumor tissue was firm to friable with a highly developed vasculature and a reddish-purple appearance. Because of the highly developed vasculature, bleeding was severe during the operation. After the intracranial mass was removed, a small defect in the ethmoid bone could be seen at the skull base. However, the defect was so small we did not perform skull base reconstruction, but instead added multiple layers of a fibrin sealant patch (tachosil). Following the gross total resection of the intracranial mass, the rhinologist performed transnasal endoscopic resection, and the mass was totally removed. One day after the operation, brain MRI with GdE showed the tumor was totally resected with no residual lesion ([Fig. 4](#F4){ref-type="fig"}).

Histological features
---------------------

The pathologic finding indicated a tumor with a solid growth pattern and hemorrhage. The tumor was composed of epithelial and mesenchymal components in a neurofibrillary background ([Fig. 5](#F5){ref-type="fig"}). The epithelial component consisted of stratified squamous epithelium with clear cell change and adenocarcinoma. The epithelial component was surrounded by immature neuroepithelial cells with a primitive blastema-like feature. The mesenchymal component consisted of malignant spindle cells with a myxoid stroma. From the immunohistochemical stain, the epithelial component showed strong positivity for cytokeratin ([Fig. 6](#F6){ref-type="fig"}). The neuroepithelial cells were positive for chromogranin and synaptophysin. The final diagnosis was SNTCS.

Postoperative course
--------------------

The cognitive function of the patient improved after the operation. Postoperation 6 weeks later, adjuvant radiation therapy (60 Gy in 30 fractions) was administered. At the end of radiation therapy, a biopsy was performed in the otolaryngology outpatient clinic on the granulation tissue in the nasal cavity, and the pathologic report revealed recurred or remnant SNTCS. After radiation therapy, chemotherapy (AI protocol: doxorubicin+ifosfamide) was added and it is currently in process. Nine months after the surgery, a 7th chemotherapy has been completed. Brain MRI performed twice at 4 and 9 months after operation revealed no remnant or recurrent lesion.

DISCUSSION
==========

The nasal cavity is an adjacent space below the skull base, but it is uncommon for tumors originating here to invade the cranial cavity. These tumors are often found by otorhinolaryngologists due to symptoms such as nasal congestion and are sometimes referred to neurosurgeons for consultation. SNTCS is an uncommon and extremely malignant neoplasm that is characterized by a combination of histological features that include both teratoma and carcinosarcoma, but without malignant germ cell components \[[@B1]\]. It was first described by Heffner and Hyams \[[@B2]\] in 1984 as a fetal-appearing squamous epithelium composed of squamous cells with clear cytoplasm. SNTCS develops most often in the nasal cavity and invades into the ethmoid sinus and the maxillary sinus. Intracranial extension is present in about 20.9% of cases \[[@B3]\].

Misra et al. \[[@B3]\] reviewed 86 cases of reported SNTCS. The most common symptom was nasal obstruction, followed by epistaxis. Further symptoms include headache, visual symptoms, and olfactory disturbance. In addition, neurological symptoms associated with the frontal lobe, such as somnolence, withdrawn affect, abnormal behavior, and confusion, have been reported. SNTCS occurs most often in males (male- to female ratio of 7:1 to 8:1) \[[@B2][@B4]\] with a mean age of 54.5 years. The mean survival time is less than 2 years, and the mortality rate has been reported to be about 60% within 3 years \[[@B1]\].

SNTCS has many tissue components associated with all 3 germ layers that are either mature or immature. Its composition includes a combination of epithelial, mesenchymal, and neuroepithelial components. The epithelial parts include keratinizing and non-keratinizing squamous epithelium, pseudostratified columnar ciliated epithelium, and glandular/ductal structures. The mesenchymal parts include fibroblasts, striated and smooth muscle, osteoblasts, cartilage, and myofibroblasts. The neuroepithelial components include a proliferation of immature round cells either in solid nests or within a neurofibrillary background with characteristics of SNTCS \[[@B1][@B5]\].

SNTCS is often misdiagnosed, and adequate tissue sampling is often required for accurate diagnosis. Furthermore, because this tumor shows a wide variety of pathologic features, if the amount of specimen is too small, it can sometimes be misdiagnosed \[[@B6]\]. In our case, the first attempted nasal biopsy obtained 2 pieces of soft tissue, which was a small sample of 0.4 cm in diameter and the initial diagnosis was misdiagnosed as neuroendocrine carcinoma. In the differential diagnosis of SNTCS, olfactory neuroblastoma and carcinosarcoma can be considered. There is a lot of epithelial differentiation in SNTCS, and the existence of mesenchymal components can be distinguished from olfactory neuroblastoma \[[@B4]\]. Neuroectodermal differentiation is also a prominent feature that is not present in carcinosarcoma \[[@B7]\].

The most common treatment modalities for SNTCS have been surgical resection and postoperative radiotherapy \[[@B3][@B6][@B7]\]. In 24 cases that included postoperative radiotherapy, the average dose was 54.9 Gy (range, 10 Gy to 70 Gy). In those cases, the most commonly used chemotherapeutic agent was cisplatin \[[@B3]\]. In one report, histology-specific multidrug chemotherapy was performed in regard to the major components of the heterogenous histology of SNTCS, where cisplatin, etoposide, and ifosfamide were given, and the patient had no recurrence in follow up \[[@B8]\]. In our case, doxorubicin and ifosfamide were used, as this protocol is mainly used in soft tissue sarcoma \[[@B9]\]. At 9 months follow up, he completed 7 cycles of chemotherapy, and currently there is no tumor recurrence, but continuous follow up is needed to confirm the treatment results. Ideal treatment strategies are difficult to identify because these cases are rare and there are no established therapies. Currently, radical surgical resection followed by radiation therapy appears to be the most commonly used treatment option. Despite the common treatment strategies (surgery and radiation therapy) currently used, recurrence occurs in 26.1% of cases, metastasis in 10.9% cases, and both metastasis and recurrence in 8.7% of cases \[[@B3]\].

SNTCS is known to be a very aggressive, rapidly progressing tumor with a poor prognosis. Due to its rarity and histological heterogeneity, it is often misdiagnosed, and adequate tissue sampling is required for diagnosis \[[@B10][@B11]\]. The optimal management of SNTCS still has not been established. Further studies on the efficacy of adjuvant chemotherapy are warranted, and appropriate treatment should be established.
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![Brain MRI with gadolinium enhancement shows large mass involving right nasal cavity with marked intracranial extension.](btrt-8-57-g001){#F1}

![Brain CT enhancement shows an intracranial extended nasal mass with erosion of cribriform plate.](btrt-8-57-g002){#F2}

![Preoperative transnasal endoscopy shows purplish nodular mass.](btrt-8-57-g003){#F3}

![Postoperative MRI with gadolinium enhancement shows gross total mass removal.](btrt-8-57-g004){#F4}

![Histopathological finding with hematoxylin and eosin staining. A: Microscopically, epithelial component and mesenchymal components are shown in neurofibrillary background (original magnification ×100). B: Stratified squamous epithelium with clear cell change are admixed with malignant spindle cells (original magnification ×200). C: Adenocarcinoma is surrounded by immature neuroepithelial cells (original magnification ×200). D: Malignant spindle cells with myxoid stroma about the adenocarcinoma (original magnification ×200).](btrt-8-57-g005){#F5}

![Histopathological finding with immunohistochemistry. A: Epithelial component is diffuse positive for cytokeratin (original magnification ×100). B, C: Immature neuroepithelial cells are positive for chromogranin and synaptophysin (original magnification ×200).](btrt-8-57-g006){#F6}
